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VARIABLE-VALVE-ACTUATION APPARATUS FOR 
INTERNAL COIVIBUSTION ENGINE 



BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to a variable-valve-actuation (WA) apparatus for 
an internal combustion engine, which can vary at least the operating angle of engine 
valves such as an intake valve and an exhaust valve in accordance with engine 
operating conditions. 

[0002] Typically, the WA apparatus applied to intake valves comprises a crank cam 

10 arranged at the outer periphery of a driving shaft that rotates in synchronism with a 
crankshaft and having an axis eccentric to an axis of the driving shaft, and a valve 
operating (VO) cam to which torque of the crank cam is transmitted through a 
transmission mechanism to have a cam face coming in slide contact with the top face of 
a valve lifter arranged at the upper end of the intake valve for opening operation 

1 5 thereof against a biasing force of a valve spring. 

[0003] The transmission mechanism includes a rocker amn disposed above the VO 
cam and swingably supported to a control shaft, a crank arm having an annular first end 
engaged on the outer peripheral surface of the crank cam and a second end rotatably 
connected to a first arm of the rocker arm through a pin, and a link rod having a first end 

20 rotatably connected to a second amn of the rocker arm through a pin and a second end 
rotatably connected to a cam nose of the VO cam through a pin, 
[0004] The control shaft is driven, for example, by an electric motor through a worm 
gear or reduction mechanism provided to a driving shaft of the motor. Fixed on the 
outer peripheral surface of the control shaft is a control cam having an axis eccentric to 

25 an axis of the control shaft by a predetermined amount and rotatably fitted in a support 
hole formed substantially in the center of the rocker arm. The control cam changes a 
rocking fulcrum of the rocker ami in accordance with the rotated position to change the 
position of contact of the cam face of the VO cam with respect to the top face of the valve 
lifter, carrying out variable control of the lift amount and operating angle of the intake 
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valve. 

[0005] Specifically, when the engine operating conditions are in the low-rotation range, 
for example, the control shaft is rotated in one direction through the motor to rotate the 
control cam in the same direction, moving the rocking fulcrum of the rocker arm in the 
5 direction of separating from the driving shaft. Then, a pivotal point of the rocker arm 
with the link rod is moved upward to draw up the cam nose of the VO cam, moving the 
position of contact of the VO cam with respect to the top face of the valve lifter in the 
direction of separating from a lift portion of the VO cam. Thus, the intake valve is 
controlled to minimize the lift amount and the operating angle. 

10 [0006] On the other hand, when the engine operating conditions pass from the 
low-rotation range to the high-rotation range, the control shaft is rotated in another 
direction by the motor to rotate the control cam in the same direction, moving the rocking 
fulcrum of the rocker arm in the direction of approaching the driving shaft. Then, the 
cam nose of the VO cam is pushed downward by the link rod. etc. to move the 

15 position of contact of the VO cam with respect to the top face of the valve lifter to the 
lift portion of the VO cam. Thus, the intake valve is controlled to increase the lift amount 
and the operating angle. 

[0007] Therefore, outstanding engine performance such as improved fuel consumption, 
increased engine output, or the like can be obtained in accordance with the engine 

20 operating conditions. 

[0008] With the WA apparatus, however, referring to FIG. 8. the worm gear arranged 
to reduce rotation of the motor for control of the control shaft has a reduction ratio which 
is always constant regardless of the control conditions of the valve-lift amount and the 
operating angle as shown by broken line. Thus, under small valve-lift and 

25 operating-angle control which corresponds to a control area in the ordinary driving range 
or practical range of the vehicle, the reduction ratio is smaller, leading to greater power 
consumption of the motor. 

[0009] Specifically, the reduction ratio obtained from the angular velocities of the driving 
shaft of the motor and the control shaft corresponds to a torque ratio of the motor, which 
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is proportional to current supplied thereto. Therefore, under small valve-lift and 
operating-angle control, the reduction ratio is not increased and thus smaller, leading to 
greater torque of the motor for rotating the control shaft. This increases power 
consumption during ordinary driving of the vehicle, resulting in a harmful effect on fuel 
5 consumption of the intemal combustion engine which also serves to drive accessories 
such as an alternator, 

[0010] Further, if power supplied to the motor is smaller due to reduction in storage 
amount of a battery for supplying power to the motor, a technical problem can occur such 
as deterioration of the rotation-ability of the motor in the ordinary driving range of the 
10 vehicle. 

[001 1] Furthermore, since the reduction ratio is not decreased and thus constant during 
the transition from small valve lift to large valve lift, which occurs at quick acceleration of 
the vehicle and the like, the total number of revolutions of the motor required for this 
transition cannot be reduced, causing longer transition time, resulting in possible 
15 lowering of the switching responsivity from small valve lift to large valve lift. 
SUMMARY OF THE INVENTION 

[0012] It is, therefore, an object of the present invention to provide a WA apparatus for 
an internal combustion engine, which allows a reduction in power consumption of the 
motor under small lift-amount and operating-angle control, and an enhancement in 

20 switching responsivity when control is switched from small lift-amount and 
operating-angle control to large lift-amount and operating-angle control. 
[0013] The present invention provides generally a variable-valve-actuation (WA) 
apparatus for an intemal combustion engine with a valve, which comprises: a control 
shaft arranged rotatable in accordance with operating conditions of the engine; an 

25 alteration mechanism which changes at least an operating angle of the valve in 
accordance with rotation of the control shaft; and a drive mechanism which rotates the 
control shaft, the drive mechanism comprising an electric motor and a reduction 
mechanism, the reduction mechanism having a reduction ratio set to be larger when the 
valve is under control of small operating angle than when the valve is under control of 
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large operating angle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The other objects and features of the present invention will become apparent 
from the following description with reference to the accompanying drawings, wherein: 
5 [0015] FIG. 1 is a longitudinal sectional view showing a first embodiment of a WA 
apparatus for an internal combustion engine according to the present invention; 
[0016] FIG. 2 is a perspective view showing the WA apparatus; 
[0017] FIGS. 3A and 3B are views seen from arrow A in FIG. 2, showing valve closing 
operation and valve opening operation during minimum-lift control, respectively; 
10 [0018] FIGS. 4A and 4B are views similar to FIG. 3B. seen from arrow A in FIG. 2, 
showing valve closing operation and valve opening operation during medium-lift control, 
respectively; 

[0019] FIGS. 5A and 58 are views similar to FIG. 48, seen from arrow A in FIG. 2, 
showing valve closing operation and valve opening operation during maximum-lift 
15 control, respectively; 

[0020] FIG. 6 is a view similar to FIG. 1, explaining operation of a drive mechanism 
during minimum-lift control; 

[0021] FIG. 7 is a sectional view taken along the line 7-7 in FIG. 1 ; 
[0022] FIG, 8 is a graph illustrating the characteristic of valve-lift amount vs. reduction 
20 ratio; 

[0023] FIG. 9 is a view similar to FIG. 6, showing a second embodiment of the present 
invention; and 

[0024] FIG. 10 is a graph similar to FIG. 8. illustrating the characteristic of valve-lift 
amount vs. reduction ratio in the second embodiment 
25 DETAILED DESCRIPTION OF THE INVENTION 

[0025] Referring to the drawings, a description is made about a WA apparatus for an 
intemal combustion engine embodying the present invention. In the illustrative 
embodiments, the WA apparatus is applied to an intemal combustion engine including 
two intake valves per cylinder, the valve-lift amount and operating angle of each being 
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varied in accordance with the engine operating conditions. 

[0026] Referring to FIGS. 2-5B, there is shown first embodiment of the present 
invention. The WA apparatus includes a pair of intake valves 2 slidably provided to a 
cylinder head 1 through valve guides, not shown, and biased in the closed direction by 
5 valve springs 3, an alteration mechanism 4 for varying the lift amount of intake valves 2, a 
control mechanism 5 for controlling the operating position of alteration mechanism 4. and 
a drive mechanism 6 for driving control mechanism 5. 

[0027] Alteration mechanism 4 includes a hollow driving shaft 1 3 rotatably supported by 
a bearing 14 in an upper portion of cylinder head 1, a crank or eccentric rotating cam 15 

10 fixed to driving shaft 13 by press fit and the like, a pair of VO cams 17 swingably 
supported on an outer peripheral surface of driving shaft 1 3 and coming in slide contact 
with valve lifters 16 disposed at the upper ends of intake valves 2 for opening operation 
thereof, and a transmission mechanism connected between crank cam 15 and VO cams 
17 for transmitting torque of crank cam 15 to VO cams 17 as a swinging force thereof. 

15 [0028] Referring to FIG. 2, driving shaft 13 extends along the engine longitudinal 
direction, and has one end with a follower sprocket, a timing chain wound thereon, etc., 
not shown, through which torque is received from an engine crankshaft. Driving shaft 
13 is rotated clockwise or in the direction of arrow as viewed in FIG. 2. 
[0029] Referring to FIG. 3A, bearing 14 includes a main bracket 14a arranged at the 

20 upper end of cylinder head 1 for supporting an upper portion of driving shaft 13, and an 
auxiliary bracket 14b arranged at the upper end of main bracket 14a for rotatably 
supporting a control shaft 32 as will be described later. Brackets 14a, 14b are fastened 
together from above by a pair of bolts 14c. 

[0030] Crank cam 15 is formed substantially like a ring, and includes an annular main 
25 body and a cylinder integrated with the outer end face thereof. A though hole is formed 
axially through crank cam 15 to receive driving shaft 13. Referring to FIGS. 3A-5B, an 
axis Y of the main body of crank cam 15 is offset radially with respect to an axis X of 
driving shaft 13 by a predetermined amount p. Crank cam 15 is press fitted to one end 
of driving shaft 13 through the driving-shaft through hole so as not to interfere with valve 



6 P03ATS009 

lifters 16. A cam profile of eccentric circle is formed on the outer peripheral surface of 
the cam main body. 

[0031] Valve lifters 16 are formed like a covered cylinder, each being slidably held in a 
hole of cylinder head 1 and having a flat top face with which VO cam 17 comes in slide 
5 contact. 

[0032] Referring to FIGS. 2-3B. VO cams 17 are both fomied roughly like a raindrop, 
and are integrated with both ends of an annular camshaft 20 with inner peripheral 
surface through which it is rotatably supported to driving shaft 13, VO cam 17 also has 
a pin hole on the side of one end or cam nose 21 . A lower face of VO cam 1 7 is formed 

10 with a cam face 22 including a base-circle face on the side of camshaft 20, a ramp face 
circularly extending from the base-circle face to cam nose 21. and a lift face extending 
from the ramp face to a top face with maximum lift arranged at an end of cam nose 21 . 
The base-circle face, the ramp face, and the lift face come in contact with predetermined 
points of the top face of valve lifter 16 in accordance with the swinging position of VO 

15 cam 17. 

[0033] Referring to FIGS. 2-5B, transmission mechanism 18 include a rocker ami 23 
disposed above driving shaft 13. a crank arm 24 for linking a first arm 23a of rocker arm 
23 with crank cam 15, and a link rod 25 for linking a second arm 23b of rocker arm 23 
with VO cam 17. 

20 [0034] Rocker arm 23 has in the center a cylindrical base rotatably supported by a 
control cam 33 as will be described later through a support hole. First arm 23a 
protruding from an outer end of the cylindrical base has a pin hole for receiving a pin 26. 
whereas second arm 23b protruding from an inner end of the cylindrical base has a pin 
hole for receiving a pin 27 for connecting second arm 23b and a first end 25a of link rod 

25 25. 

[0035] Crank arm 24 includes a relatively large-diameter annular base 24a and an 
extension 24b arranged in a predetermined position of the outer peripheral surface of 
base 24a. Base 24a has in the center an engagement hole 24c rotatably engaged with 
the main body of crank cam 15. Extension 24b has a pin hole for rotatably receiving pin 
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26. 

[0036] Link rod 25 is formed substantially like a letter L having a concave on the side of 
rocker arm 23, and has first and second ends 25a. 25b formed with pin holes through 
which ends of pins 27, 28 press fitted in the respective pin holes of second arm 23b of 
5 rocker arm 23 and cam nose 21 of VO cam 17 are rotatably arranged. 

[0037] Arranged at one ends of pins 26, 27, 28 are snap rings for restricting axial 
movement of crank arm 24 and link rod 25. 

[0038] Control mechanism 5 includes control shaft 32 disposed above driving shaft 13 
and rotatably supported on bearing 14, and control cam 33 fixed at the outer periphery of 
10 control shaft 32 to form a rocking fulcrum of rocker arm 23. 

[0039] As best seen in FIG. 2, control shaft 32 is disposed parallel to driving shaft 13 to 
extend along the engine longitudinal direction, and includes in a predetermined position a 
journal 32b rotatably supported between main bracket 14a and auxiliary bracket 14b of 
bearing 14. 

15 [0040] Referring to FIGS. 2-5B, control cam 33 is formed like a cylinder, and has an 
axis P2 offset with respect to an axis PI of control shaft 32 by an amount a 
corresponding to a thick portion. 

[0041] Referring to FIGS. 1. 2, 6, and 7, drive mechanism 6 comprises a housing 35 
fixed to the rear end of cylinder head 1, an electric motor or torque providing means 36 
20 fixed to one end of housing 35, and a screw transmission mechanism or reduction 
mechanism or means 37 arranged in housing 35 for reducing and transmitting torque of 
motor 36 to control shaft 32. 

[0042] Housing 35 comprises a cylinder 35a disposed along the direction substantially 
perpendicular to axis PI of control shaft 32, an expansion 35b protruding upward from 
25 the center of the upper end of cylinder 35a, and a side wall 35c for closing one side of 
cylinder 35a and expansion 35b. 

[0043] Motor 36 comprises a proportional-type DC motor, and includes a casing 38 
having at one end a small-diameter portion 38a engaged in a first opening 35c of cylinder 
35a by press fit and the like, and a driving shaft 36a supported by a ball bearing 39 
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arranged in small-diameter portion 38a. 

[0044] Moreover, motor 36 is driven in accordance with a control signal of an electronic 
control unit (ECU) 40 for determining the engine operating conditions. ECU 40 receives 
sensed signals out of a crank angle sensor 41 for sensing engine speed, an airflow 
5 meter 42 for sensing an intake air amount, a coolant-temperature sensor 43 for sensing 
an engine coolant temperature, a potentiometer 44 for sensing a rotated position of 
control shaft 32 to determine actual engine operating conditions by computing and the 
like, thus carrying out feedback control of motor 36. 

[0045] Referring to FIGS. 1 , 6, and 7, screw transmission mechanism 37 comprises 
10 essentially a threaded shaft or output shaft 45 arranged in cylinder 35a of housing 35 to 
be roughly coaxial with driving shaft 36a of motor 36, a threaded nut or moving member 
46 meshed with the outer periphery of threaded shaft 45, a link arm or linkage 47 
arranged in housing 35 and fixed to the outer periphery of one end of control shaft 32, 
and a link member 48 for linking link arm 47 to threaded nut 46. 
15 [0046] Threaded shaft 45 has an external thread or engagement 49 
continuously formed on the entire outer peripheral surface except ends 45a, 45b which 
face first and second openings 35c. 35d of cylinder 35a to rotatably be supported by ball 
bearings 50, 51. 

[0047] A nut 52 is meshed with a tip of second end 45b of threaded shaft 45 to hold 
20 threaded shaft 45 in cylinder 35a of housing 35. Nut 52 is formed at one end with a 
protrusion 52a for pressing an inner ring 51a of ball bearing 51 against a stepped portion 
of second end 45b of threaded shaft 45 for fixing. Nut 52 is rotated together with 
threaded shaft 45. A dish-like cap 53 is secured to second opening 35d of cylinder 35a, 
and has a cylindrical front end through which an outer ring 51b of ball bearing 51 is 
25 pressed and fixed to stepped portion 35f of second opening 35d. 

[0048] Two engagement faces 45d are formed in second end 45 of threaded shaft 45, 
with which a holding jig is engaged to prevent rotation of threaded shaft 45 when 
fastening nut 52 by a given jig such as spanner. 

[0049] Threaded shaft 45 has at first end 45a a small-diameter shaft 45c 



9 P03ATS009 

serration-coupled coaxially to a small-diameter portion 36b of driving shaft 36a of motor 
36 through a cylindrical coupling member 54 so as to be movable axially. 
[0050] Specifically, first serrations are axially formed on the outer peripheral surfaces of 
small-diameter shaft 45c and small-diameter portion 36b, whereas a second serration is 
5 formed on the inner peripheral surface of coupling member 54 to loosely engage with the 
first serrations. Such sferration coupling allows transmission of torque of motor 36 to 
threaded shaft 45, and slight axial movement of threaded shaft 45. 
[0051] Threaded nut 46, which is formed substantially like a cylinder, has on the entire 
inner peripheral surface an internal thread 55 meshed with external thread 45 to convert 
10 torque of threaded shaft 45 into an axial moving force, and also has at both ends roughly 
in the axial center pin holes 56 to extend along the diametral direction as shown in FIG. 
7. 

[0052] Referring to FIGS. 1 and 2, link arm 47, which is fomned substantially like a 
raindrop, has fixing hole 47a formed through a large-diameter base to receive one 

15 end 32a of control shaft 32, and is fixed to one end 32a by a bolt, not shown. As 
shown in FIG. 7, link arm 47 has a tapered tip 47b with a slit 57 formed in the center in 
the cross direction thereof. Two pin holes 47c are formed through tip 47b to extend 
continuously along the direction of control shaft 32. Therefore, an axis Z of pin holes 
47c is offset with respect to axis P1 of control shaft 32. 

20 [0053] Referring to FIG. 7, link member 48 is formed substantially like a letter Y, and 
has a plate-like first end 58 and bifurcated second ends 59. First end 58 is arranged 
through slit 57 of link arm 47 to rotatably be coupled to tip 47b of link arm 47 by a pin 60 
arranged through pin holes 47c and a pin hole 58a. On the other hand, second ends 59 
are disposed at both ends of threaded nut 46, and are rotatably coupled to threaded nut 

25 46 through pin holes 59a formed oppositely and pin shafts 61 arranged through pin holes 
56 of threaded nut 46. Pin 60 has both ends engaged in pin holes 47c of link ann 47, 
and a center slidably arranged in pin hole 58a of link member 48. On the other hand, 
pin shafts 61 have outer ends press fitted into pin holes 59a of link member 48, and inner 
ends slidably arranged in pin holes 56 of threaded nut 46. 



10 P03ATS009 

[0054] Referring to FIGS. 1 and 6, first and second stopper pins or restriction 
mechanisms 62, 63 are arranged inside a side wall 35e of housing 35 to restrict the 
maximum right-left rotated position of control shaft 32 through link arm 47. 
[0055] Specifically, first stopper pin 62 is fixed in the position of side wall 35e where 
5 control shaft 32 is rotated counterclockwise as viewed in FIG. 1 to put the lift amount of 
intake valves 2 at a minimum through alteration mechanism 4. On the other hand, 
second stopper pin 63 is fixed in the position of side wall 35e where control shaft 32 is 
rotated clockwise as shown in FIG. 1 to put the valve-lift amount at a maximum. First 
and second stopper pins 62, 63 serve to restrict the counterclockwise and clockwise 

10 maximum rotated positions about control shaft 32. 

[0056] In the position where control shaft 32 has rotation restricted by first stopper pin 
62 through link arm 47 as shown in FIG. 6. i.e. in the position where alteration 
mechanism 4 holds the lift amount of intake valves 2 at a minimum through drive 
mechanism 6, an angle 61 formed between an axis of link member 48 and an 

15 axis of threaded shaft 45 is a maximum value of about 65°. When control shaft 32 is 
rotated clockwise as shown in FIG. 1 to control the valve-lift amount at a maximum 
where further rotation of control shaft 32 is restricted by second stopper pin 63, an angle 
G3 fomned between the axis of link member 48 and the axis of threaded shaft 45 is a 
minimum value of about 35°. 

20 [0057] Therefore, referring to FIG. 8. the reduction ratio of screw transmission 
mechanism 37 with respect to rotation of motor 36 varies angle 6 formed between the 
axis of threaded shaft 45 and the axis of link member 48 as shown by one-dot chain line. 
Specifically, as shown by solid line, the reduction ratio is larger when angle 9 is maximum 
angle 91 at minimum lift, and it becomes small abruptly therefrom to minimum angle 93 

25 at maximum lift. 

[0058] More specifically, the reduction ratio is determined by the angular velocities of 
threaded shaft 45 and control shaft 32 as described above. In the small lift area where 
angle 9 is larger, axial movement of threaded nut 46 is not effectively converted into 
rotation of control shaft 32 due to relationship with link member 48, obtaining larger 
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reduction ratio. On the other hand, in the large lift area where angle 9 is smaller, axial 
movement of threaded nut 46 is effectively converted into rotation of control shaft 32, 
obtaining smaller reduction ratio. 

[0059] Operation of the first embodiment is described below. In the engine 
5 low-rotation operating range including engine idling, torque provided to motor 36 in 
accordance with a control signal of ECU 40 is transmitted to threaded shaft 45 for 
rotation. This rotation moves threaded nut 46 to the rightmost position as shown in FIG. 
6, so that control shaft 32 is rotated counterclockwise by link member 48 and link arm 47. 
Immediately before the side face of threaded nut 46 comes into axial collision and 
10 engagement, the side face of tip 47b of link arm 47 abuts on first stopper pin 62 to restrict 
further rotation of control shaft 32. At that time, an impact load can be prevented from 
occurring at a meshed portion of threaded nut 46 and threaded shaft 45 while securing a 
movable range of threaded nut 46. 

[0060] With control cam 33, therefore, axis P2 is rotated on the same radius about 
15 axis P1 of control shaft 32 as shown in FIGS. 3A and 3B, having the thick portion 
moved upward from driving shaft 13. Thus, a pivotal point of second arm 23b of rocker 
arm 23 with link rod 25 is moved upward with respect to driving shaft 13, so that VO cam 
17, having cam nose 21 forcibly drawn up through link rod 25, is rotated clockwise in its 
entirety. 

20 [0061] Therefore, when rotation of crank cam 1 5 pushes first arm 23a of rocker arm 23 
upward through crank arm 24, a corresponding valve-lift amount L1, transmitted to VO 
cam 17 and valve lifter 16 through link rod 25. is sufficiently small. 
[0062] Thus, in the engine low-rotation range, the valve-lift amount is minimum to delay 
an opening timing of intake valves 2, obtaining smaller valve overlap with the exhaust 

25 valves. This leads to enhanced fuel consumption and stable engine rotation. 

[0062] When the engine proceeds to the medium-rotation range, motor 36 is rotated in 
the reverse direction in accordance with a control signal of ECU 40 to provide torque to 
threaded shaft 45 for rotation. This rotation moves threaded nut 46 leftward from the 
position shown in FIG. 6. Therefore, control shaft 32 rotates control cam 33 clockwise 
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from the position shown in FIGS. 3A and 3B to rotate axis P2 slightly downward as 
shown in FIGS. 4A and 4B. As a result, rocker amn 23 in its entirety is nnoved in the 
direction of driving shaft 13, so that second amn 23b pushes cam nose 21 of VO cam 17 
downward through link rod 25, rotating VO cam 17 in its entirety counterclockwise by a 
5 predetermined amount. 

[0063] Therefore, when rotation of crank cam 15 pushes first arm 23a of rocker arm 23 
upward through crank arm 24, a corresponding valve-lift amount L2, transmitted to VO 
cam 17 and valve lifter 16 through link rod 25, is slightly large. 

[0064] The reduction ratio at that time is slightly smaller than that in the minimum lift 

1 0 area. However, since angle 9 formed between threaded shaft 45 and link member 48 is 
relatively large, the reduction ratio is also large, thus achieving small power consumption. 
[0065] When the engine proceeds to the high-rotation range at quick acceleration and 
the like, motor 36 is further rotated in the reverse direction in accordance with a control 
signal of ECU 40 which detects this operating condition through various sensors 

15 such as engine-speed sensor 41, further rotating threaded shaft 45 in the same 
direction. This rotation moves threaded nut 46 leftward as shown in FIG. 1, so that 
angle 0 formed between threaded shaft 45 and link member 48 is sufficiently small. 
Moreover, at that time, immediately before the side face of threaded nut 46 comes into 
axial collision and engagement, further rotation of control shaft 32 is restricted in the 

20 position where the side face of link arm 47 abuts on second stopper pin 63. Further, 
damage of threaded nut 46 due to collision can be prevented while securing a movable 
range of threaded nut 46. Further movement of threaded nut 46 is also restricted, so 
that angle 93 fomned between threaded shaft 45 and link member 48 is minimum. 
[0066] With such operation, control shaft 32 rotates control cam 33 clockwise from the 

25 position shown in FIGS. 4A and 4B to rotate axis P2 downward as shown in FIGS, 5A 
and 5B. As a result, rocker arm 23 in its entirety is moved in the direction of driving shaft 
13, so that second arm 23b pushes cam nose 21 of VO cam 17 downward through link 
rod 25, rotating VO cam 17 in its entirety counterclockwise by a predetermined amount. 
[0067] Therefore, the position of contact of cam face 22 of VO cam 17 with respect to 
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the top face of valve lifter 16 is moved rightward or in the direction of the lift portion. As 
a result, when rotation of crank cam 15 pushes first ami 23a of rocker arm 23 through 
crank arm 24, a corresponding lift amount L3 with respect to valve lifter 16 is larger than 
medium valve-lift amount L2. 
5 [0068] Thus, in the engine high-rotation range, the valve-lift amount is maximum to 
advance an opening timing and delay a closing timing of intake valves 2, leading to 
enhancement in intake-air charging efficiency and thus achievement of sufficient engine 
output. 

[0069] As described above, in a predetermined small area of minimum lift or more of 
10 intake valves 2 which corresponds to the practical range of the vehicle, the reduction 
ratio of screw transmission mechanism 37 is sufficiently large, leading to a reduction in 
torque of motor 36 required to rotate control shaft 32 through threaded nut 46 and link 
member 48/link arm 47. This allows a sufficient reduction in power consumption of 
motor 36, having no harmful effect on fuel consumption of the engine which also 
15 serves to drive accessories such as an alternator. 

[0070] Further, due to no reduction in storage amount of a battery for supplying power 
to motor 36, the power supply amount to motor 36 can be secured, preventing 
deterioration of the rotation-ability of motor 36 in the ordinary driving range of the vehicle. 
[0071] Furthermore, during the transition from the small lift area of intake valves 2 to the 
20 large lift area thereof, the reduction ratio of screw transmission mechanism 37 is smaller, 
so that the total number of revolutions of motor 36 required for this transition can be 
reduced, obtaining reduced transition time, thus preventing deterioration of the switching 
responsivity from small valve lift to large valve lift. 

[0072] Further, in the first embodiment, first and second stopper pins 62, 63 are 
25 arranged to prevent over-rotation of control shaft 32, allowing not only restraint of 
onendirection load input of the alternating torque by stopper pins 62, 63 in the rightmost 
and leftmost moved positions of threaded nut 46, but also excessive movement of 
threaded nut 46. 

[0073] Still further, an impact load can be prevented from occurring at a meshed portion 
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of threaded nut 46 and threaded shaft 45 while securing a movable range of threaded 
nut 46 by stopper pins 62, 63. 

[0074] Furthermore, nut 52 is engaged with second end 45b of threaded shaft 45 to 
hold inner ring 51a of ball bearing 51 between the stepped portions of threaded shaft 45, 
5 allowing restraint of accidental axial movement of threaded shaft 45 while maintaining 
stable and smooth rotation thereof. 

[0075] Referring to FIG. 9, there is shown second embodiment of the present invention, 
wherein screw transmission mechanism 37 comprises no link member 48 nor linkage 
arm 47, but a linkage lever 70 instead of linkage arm 47, which is directly liked to 

10 threaded nut 46. 

[0076] Specifically, linkage lever 70 is formed like an axially long raindrop, and has a 
base 70a fixed to one end 32a of control shaft 32, and a slit 71 formed longitudinally 
substantially in the center of a tip 70b extending below one side of threaded nut 46. 
[0077] On the other hand, threaded nut 46 has a transmission pin 72 rotatably 

15 mounted substantially in the axial center of one side. Transmission pin 72 has a base 
end rotatably supported in support hole radially formed in threaded nut 46, and a tip 
formed with two engagement faces 72a. 72b slidably engaged in slit 71 . 
[0078] When linkage lever 70 is located perpendicular (about 90°) to an axis of 
threaded shaft 45 as shown by solid line in FIG. 9, it abuts on second stopper pin 63 to 

20 restrict further counterclockwise rotation, where maximum-lift control is obtained through 
control shaft 32. That is, the angle of linkage lever 70 with respect to threaded shaft 45 
is set to be maximum (about 90°) in the large lift area, achieving minimum reduction ratio. 
Note that such large angle allows movement of threaded nut 46 to effectively be 
converted into rotation of linkage lever 70. 

25 [0079] On the other hand, when linkage lever 70 is located inclined to threaded shaft 45 
by a predetermined angle (about 45°) as shown by one-dot chain line in FIG. 9, it abuts 
on first stopper pin 62 to restrict further clockwise rotation, where minimum-lift control is 
obtained. That is, the angle of linkage lever 70 with respect to threaded shaft 45 is set 
to be minimum (about 45°) in the large lift area, achieving maximum reduction ratio. 
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Note that such small angle allows movement of threaded nut 46 to effectively be 
converted into rotation of linkage lever 70. 

[0080] In the second embodiment, therefore, when threaded shaft 45 is rotated in the 
normal or reverse direction by motor 36 to linearly move threaded nut 46 in the axial 
5 direction of threaded shaft 45, linkage lever 70 is rotated in the same direction through 
movement of transmission pin 72 in slit 71. With this, control shaft 32 is rotated 
clockwise or counterclockwise to control the lift amount and operating angle of intake 
valves 2. Referring to FIG. 10, the reduction ratio is larger in the small lift area, obtaining 
smaller power consumption of motor 36. On the other hand, the reduction ratio is 

10 smaller in the large lift are, obtaining enhanced switching responsivity through alteration 
mechanism 4 and control shaft 32 even with larger power consumption. 
[0081] Therefore, the second embodiment not only produces the same effect as the 
first embodiment, but also achieves an enhancement in manufacturing and assembling 
efficiency and thus a reduction in manufacturing cost due to reduced 

15 component parts and simplified structure as compared with the first embodiment. 

[0082] In the above embodiments, threaded shaft 45 of screw transmission mechanism 
37 has extemal thread 49 formed on the outer peripheral surface, whereas threaded nut 
46 has intemal thread 55 formed on the inner peripheral surface, wherein extemal thread 
49 is meshed with intemal thread 55. Optionally, threaded shaft 45 may have a spiral 

20 ball groove formed in the outer peripheral surface, whereas threaded nut 46 may have a 
guide ball groove formed on the inner peripheral surface, wherein the ball groove 
cooperates with the guide ball groove to hold a plurality of balls in a free-roll manner. In 
this variation, the use of the balls as means for driving threaded nut 46 allows enhanced 
moving responsivity and reduced backlash of threaded nut 46 as compared with simple 

25 engagement of external and internal threads 49, 55. 

[0083] As described above, according to the invention as described in claim 1 . during 
small valve-lift amount and operating-angle control in the engine low-rotation range, for 
example, which corresponds to the practical range of the vehicle, the reduction ratio is 
larger, and thus torque of the motor is smaller, allowing a reduction in power 
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consumption of the motor. 

[0084] On the other hand, when the engine passes from the low-rotation range to the 
high-rotation range due to quick acceleration and the like, i.e. control is changed to large 
valve-lift amount and operating-angle control, the reduction ratio during transition is 
5 smaller, and thus torque of the motor is larger, obtaining enhanced switching responsivity 
even with larger power consumption of the motor. This results in enhancement in 
acceleration performance of the vehicle. 

[0085] Further, according to the invention as described in claim 2, when the valve is 
under small operating-angle control, the angle formed between the link member and the 

10 output shaft of the reduction mechanism is increased. Thus, an angle of rotation of the 
linkage linked to the second end of the link member, i.e. an angle of rotation of the control 
shaft, is reduced with respect to an actual number of revolutions of the output shaft 
rotated by the motor. That is, the reduction ratio is larger, resulting in smaller torque of 
the motor and thus power consumption thereof. 

15 [0086] On the other hand, when control is changed from small operation-angle 
control to large operating-angle control, the angle formed between the link member and 
the output shaft of the reduction mechanism is decreased. Thus, the reduction ratio is 
smaller, i.e. the angle of rotation of the control shaft is larger, obtaining enhanced rotation 
responsivity of the linkage, i.e. switching responsivity through the control shaft even with 

20 larger torque of the motor. This results in enhancement in acceleration performance of 
the vehicle. 

[0087] Still further, according to the invention as described in claim 5, the use of the 
balls as means for driving the moving member allows enhanced moving responsivity and 
reduced backlash of the moving member as compared with simple engagement of the 
25 external and internal threads. 

[0088] Still further, according to the invention as described in claim 6, a maximum 
reduction effect can be obtained on a radial load acting on the moving member during 
maximum operating-angle control having larger input, resulting in enhanced durability of 
the meshed portion of the output shaft and the moving member. 
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[0089] Furthermore, according to the invention as described in claim 7, the reduction 
ratio can be increased, whereas since it is involved in the small lift area having smaller 
input, a radial load can be decreased though the angle formed between the link member 
and the output shaft is larger, having no harmful effect on the meshed portion of the 
5 output shaft and the moving member. 

[0090] Further, according to the invention as described in claim 8, a maximally moved 
position of the moving member is restricted by the restriction mechanism immediately 
before the moving member comes into axial collision, allowing prevention of occurrence 
of an impact load at the meshed portion of the output shaft and the moving member 
10 while securing a movable range of the moving member. 

[0091] Still further, according to the invention as described in claim 9, the moving 
member is in the non-rotation state, allowing efficient conversion of torque of the output 
shaft into axial moving force. 

[0092] Furthermore, according to the invention as described in claim 10, it is 
15 obtained an enhancement in manufacturing and assembling efficiency and 

thus a reduction in manufacturing cost due to reduced component parts and simplified 

structure as compared with the invention as described in claim 1 . 

[0093] Having described the present invention in connection with the illustrative 

embodiments, it is noted that the present invention is not limited thereto, and various 
20 changes and modifications can be made without departing from the scope of the present 

invention. By way of example, arrangement of motor 36 can freely be changed in 

accordance with layout of an engine room, i.e. it can be changed from the right side to 

the left side as viewed in FIG. 2, Moreover, the present invention can be applied to the 

exhaust valves and both the intake and exhaust valves. 
25 [0094] The entire contents of Japanese Patent Application P2002-235401 filed August 

13, 2002 is hereby incorporated by reference. 



